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 REVISION CHANGE SUMMARY

Revision A: Preliminary calculations issued for review.

Revision B: Incorporated client review comments.  Changed the recommended pressure relief device
from a Zook Rupture Disk to a Leser Pressure Relief Valve.

Revision 0: Initial issuance of final calculations.  Revision B calculation had no client review comments to
incorporate.  Updated revision number of References 9, 10, 11, 12, 13, and 14.  Updated
pressure relief valve, RA-PSV-158, set point in Section 2.0.  No other criteria and/or design
inputs changed based on References revisions.
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 1.0  PURPOSE / OBJECTIVE 

AVANTech Incorporated has been awarded a contract for the design, manufacture, and factory acceptance
testing (FAT) of a Tank-Side Cesium Removal (TSCR) System.  The specification governing this project is
WRPS specification RPP-SPEC-61910 [1].  There are three different styles of pressure vessels integrated
within the TSCR System, which includes the TSCR IXC-150 shielded pressure vessels, the TSCR shielded
filters, and the TSCR delay tank.  These pressure vessels are all ASME BPVC, Section VIII, Division 1
stamped vessels.

This calculation will size the required pressure relief devices per ASME BPVC, Section VIII, Division 1 [2],
API 521 Standard [3], and API 520 Standard [4].

 2.0  CRITERIA AND DESIGN INPUTS 

ASME BPVC, Section VIII, Division 1, Section UG-125 ([2], pg. 89) states that all pressure vessels within
the scope of this Division, irrespective of size or pressure, shall be provided with overpressure protection
in accordance with the requirements of UG-125 through UG-138, or with the requirements of UG-140, or a
combination of the two.  The TSCR System has three (3) different styles of pressure vessels, which are
the TSCR IXC-150 shielded pressure vessels (3 in TSCR System), the TSCR shielded filters (2 in TSCR
System), and the TSCR delay tank (1 in TSCR System).  The design pressure of these three styles of
pressure vessels is 400 psig at 180 °F ([9], [10], and [11]).  All three of these TSCR System pressure
vessels will be filled with liquid.

The set pressure for the TSCR System pressure relief valves will be the same as the design pressure of
the TSCR System pressure vessels, which is 400 psig at 180 °F.  This set pressure is below the Maximum
Allowable Working Pressure (MAWP) of the TSCR System pressure vessels ([9], [10], and [11]).

The TSCR System will be pressurized by air compressor, SA-CMP-200, which feeds an air accumulator
tank, SA-TK-204.  A pressure relief valve, SA-SRV-203, was selected as the overpressure protection
device for the air accumulator tank.  The set pressure of this device is 110 psig ([13], Sheet 3).  This
pressure relief device will provide overpressure protection due to system pressure for the TSCR System
pressure vessels.  

The Reagent System design in the Ancillary Enclosure includes a pump, RA-P-139.  The overpressure
protection from this pump for the TSCR System is provided by a pressure relief device, RA-PSV-158.  The
set pressure of this device is 110 psig ([13], Sheet 2).  This pressure relief device will provide
overpressure protection due to system pressure for the TSCR System pressure vessels

The TSCR Feed Line supplies the waste from the Double Shell Tank, 241-AP-107, to the TSCR System as
shown in the TSCR P&ID ([13], Sheet 6).  The TSCR Feed Line operating pressure is 115 psig with the
design pressure being 400 psig ([15], Table 2-1, pg. 5).  The design pressure of the TSCR Feed Line is
the same as the design pressure of the TSCR System pressure vessels.

Overpressure protection due to thermal expansion due to radioactive decay must be considered for the
TSCR System pressure vessels when they are isolated and full of liquid.  For liquid-full systems, expansion
rates for the sizing of relief devices that protect against thermal expansion of the trapped liquids can be
approximated by using API 521 Standard, Section 4.4.12.3 ([3], pgs. 32 - 34).

A pressure relief valve was selected as the overpressure protection device for the TSCR System pressure
vessels.  The requirements for this device is explained in ASME BPVC, Section VIII, Division 1, Section
UG-125 ([2], pg. 89), Section UG-126 ([2], pg. 90), Section UG-128 ([2], pg. 92), Section UG-129 
([2], pg. 92), and UG-133 ([2], pg. 99).  
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 Conservative Design Inputs:

CDI-1. The discharge piping/tubing of the pressure relief valve will not be obstructed from the pressure
relief valve to the drain header.  This would cause excessive back pressure on the pressure relief
valve and it may not relieve properly.

CDI-2. The pressure vessels will be filled with liquid that has properties equivalent to water.  This
assumption will produce conservative calculation results for determining the size of the pressure
relief valves.

CDI-3. The pressure relief valve sizing will use bounding case temperatures.  These temperatures will be
slightly above the freezing temperature of water (5 °C) and slightly below the boiling temperature
of water (99 °C).  This assumption will produce conservative calculation results for determining
the size of the pressure relief valves.  Actual fluid temperature will be between the bounding
temperatures.

Tmin 5 °C:= Minimum bounding temperature

Tmax 99 °C:= Maximum bounding temperature

CDI-4. The sump pump, WP-P-604, has the capability to produce back pressure on the discharge
piping/tubing of the TSCR System pressure relief valves.  The maximum feet of head that the
sump pump can deliver will be used in this calculation.  Using this value will produce conservative
results for determining the required discharge area of the pressure relief valve.

Psp 40 ft_hd:= Maximum feet of head of sump pump, Attachment B, pg. B-1

 3.0  APPLICABLE CODES AND STANDARDS 

The sizing criteria for pressure relief devices are listed in the following codes and/or standards.

ASME BPVC.VIII.1-2017, Boiler and Pressure Vessel Code, Rules for Construction of Pressure Vessels,1.
Section VIII, Division 1 [2]
API 521 Standard, Pressure-relieving and Depressuring Systems, 6th edition, 2014 [3]2.
API 520 Standard, Sizing, Selection, and Installation of Pressure-Relieving Devices in Refineries,3.
7th edition, 2000 [4]

 4.0  METHODS 

This calculation uses classical closed-form calculations based on applicable codes and/or standards
requirements using Mathcad 15.0.

 5.0  ASSUMPTIONS 

 5.1 Not Requiring Confirmation
None1.

 5.2 Requiring Confirmation
None1.
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 6.0  COMPUTER

The following documentation pertains to the commercial-off-the-shelf (COTS) software used in the
performance of this work.  Calculations in this analysis were performed using classical closed-form
calculation methods using Mathcad.  Hardware and software characteristics are listed below.

Operating System: 64-bit Windows 7 Professional with Service Pack 1

Computer Identification: GSYDR52

Hardware Profile of Computer: Intel Xeon CPU E5-1630 v3 @ 3.70 GHz, 16.0 GB RAM

Software Name: Software Version:

Mathcad 15.0

 7.0  REFERENCES

1. RPP-SPEC-61910, Specification for the Tank-Side Cesium Removal Demonstration Project (Project
TD101), Rev. 1, Washington River Protection Solutions

2. ASME BPVC.VIII.1-2017, Boiler and Pressure Vessel Code, Rules for Construction of Pressure
Vessels, Section VIII, Division 1, American Society of Mechanical Engineers

3. API 521 Standard, Pressure-relieving and Depressuring Systems, 6th Edition, American Petroleum
Institute, 2014

4. API 520 Standard, Sizing, Selection, and Installation of Pressure-Relieving Devices in Refineries,
7th Edition, American Petroleum Institute, 2000

5. Perry's Chemical Engineers' Handbook, 6th Edition, Robert H. Perry and Don W. Green, 1984
6. Mechanical Engineering Reference Manual for the PE Exam, 12th Edition, Michael R. Lindeburg,

2006
7. Fundamentals of Engineering Thermodynamics, 3rd Edition, Michael J. Moran and Howard N.

Shapiro, 1995
8. Technical Paper No. 410, Flow of Fluids Through Valves, Fittings, and Pipe, Crane Co., 1988
9. DS-1813-00, IXC-150 Data Sheet, Rev. 1, AVANTech Incorporated
10. DS-1813-01, Filter Data Sheet, Rev. 1, AVANTech Incorporated
11. DS-1813-02, Delay Tank Data Sheet, Rev. 1, AVANTech Incorporated
12. RPP-CALC-62573, IXC-150 Thermal Analysis, Rev. 0, ARES Corporation 
13. Drawing H-14-024857, TSCR P&ID, Rev. 2, AVANTech Incorporated 
14. Drawing H-14-111270, TSCR Process Enclosure Piping Isometrics, Rev. 1, AVANTech Incorporated
15. RPP-RPT-60603, Interface Management Agreement between Tank Farm Upgrades (Project

#T1P190) and the Tank Side Cesium Removal Demonstration Project (Project #TD101), Rev. 1,
Washington River Protection Solutions

 8.0  SUMMARY 

The pressure relief valves protecting the TSCR IXC-150 shielded pressure vessels, the TSCR shielded
filters, and the TSCR delay tank from thermal over pressurization due to radioactive decay were sized in
accordance with ASME BPVC, Section VIII, Division 1 [2], API 521 Standard [3], and API 520 Standard [4].  
It was determined that a pressure relief valve that could flow more than 0.0023 gallons per minute (see

Section 9.1.1) with a discharge area of 8.93x10-6 square inches (see Section 9.1.2) is required.  A
recommended pressure relief valve that will provide the required thermal overpressure protection for the
TSCR System pressure vessels is a Leser Compact Performance Pressure Relief Valve, model number
4373.2602-400 psi_g-V61V70H03H01-3.2, with 1/2 inch inlet and outlet size connections that has a
discharge area of 0.122 square inches with a set pressure of 400 psig at 180 °F. 
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 9.0  CALCULATIONS 

This calculation will size the pressure relief valve for the TSCR IXC-150 shielded pressure vessels, the
TSCR shielded filters, and the TSCR delay tank per ASME BPVC, Section VIII, Division 1 [2], API 521
Standard [3], and API 520 Standard [4].

 9.1 TSCR IXC-150 Shielded Pressure Vessels Pressure Relief Valve Sizing

 9.1.1 Maximum Volume Flow Rate

The API 521 Standard [3] will be used to determine the maximum volume flow rate required to provide the
thermal overpressure protection for the trapped liquid inside the TSCR IXC-150 shielded pressure vessels.

Tmin 5 °C= Minimum bounding temperature, Section 2.0, CDI-3

T1 4.9 °C:= First temperature, [3], pg. 35

T2 5.1 °C:= Second temperature, [3], pg. 35

ρ1 999.965
kg

m
3

:= Density of water at 4.9 °C, [5], Table 3-28, pg. 3-75 and

Section 2.0, CDI-2

ρ2 999.962
kg

m
3

:= Density of water at 5.1 °C, [5], Table 3-28, pg. 3-75 and 

Section 2.0, CDI-2

αV.5

ρ1
2

ρ2
2

−

2 T2 T1−( )⋅ ρ1⋅ ρ2⋅
1.500 10

5−
×

1

∆°C
=:= Cubic expansion coefficient for water at 5 °C, [2], eq. (4), pg. 35

Tmax 99 °C= Maximum bounding temperature, Section 2.0, CDI-3

T1 98.9 °C:= First temperature, [3], pg. 35

T2 99.1 °C:= Second temperature, [3], pg. 35

ρ1 959.153
kg

m
3

:= Density of water at 98.9 °C, [5], Table 3-28, pg. 3-76 and

Section 2.0, CDI-2

ρ2 959.010
kg

m
3

:= Density of water at 99.1 °C, [5], Table 3-28, pg. 3-76 and

Section 2.0, CDI-2

αV.99

ρ1
2

ρ2
2

−

2 T2 T1−( )⋅ ρ1⋅ ρ2⋅
7.455 10

4−
×

1

∆°C
=:= Cubic expansion coefficient for water at 99 °C, [2], eq. (4), pg. 35

Total energy rate from radioactive decay, [12], pg. 12.

Note: For bounding case total energy rate of 800W was used whenever

the actual energy rate is 707W.

ϕ 800 W:=



Prepared By: J. Rogers / Date: 6/25/19
Checked By: L. Harrison / Date: 6/25/19
Client Name: WRPS
Project No.: 1813
Project Title: Tank-Side Cesium Removal 
Demonstration Project CALCULATION SHEET

Page 9 of 13
Calc. No.: RPP-CALC-62495
Rev. No.: 0
Calc. Title: Pressure Relief Device 
Calculation

ρ15.6 999.007
kg

m
3

:= Density of water at 15.6 °C, [5], Table 3-28, pg. 3-75 and

Section 2.0, CDI-2

ρ5 999.964
kg

m
3

:= Density of water at 5 °C, [5], Table 3-28, pg. 3-75 and

Section 2.0, CDI-2

ρ99 959.082
kg

m
3

:= Density of water at 99 °C, [5], Table 3-28, pg. 3-76 and

Section 2.0, CDI-2

d5

ρ5

ρ15.6

1.001=:= Relative density referred to 15.6 °C water for 5 °C, [3], pg. 33

d99

ρ99

ρ15.6

0.960=:= Relative density referred to 15.6 °C water for 99 °C, [3], pg. 33

c5 4.216
kJ

kg K⋅
4216

J

kg K⋅
=:= Specific heat capacity of water at 5 °C, [6], Appendix 35.B, pg. A-98.

Note: Interpolated table values to determine defined variable value.

c99 4.238
kJ

kg K⋅
4238

J

kg K⋅
=:= Specific heat capacity of water at 99 °C, [6], Appendix 35.B, pg. A-98.

Note: Interpolated table values to determine defined variable value.

q5 2.844 10
9−

×
m

3

s
= Volume flow rate at 5 °C expressed in m3/s, [3], eq. (1), pg. 33

q5 4.507 10
5−

× gpm= Volume flow rate at 5 °C expressed in gallons/min

q99 1.466 10
7−

×
m

3

s
= Volume flow rate at 99 °C expressed in m3/s, [3], eq. (1), pg. 33

q99 0.0023 gpm= Volume flow rate at 99 °C expressed in gallons/min

q max q5 q99, ( ) 0.0023 gpm=:= Maximum bounding volume flow rate expressed in gallons/min

q5

αV.5 ϕ⋅

1000d5 c5⋅
=

q99

αV.99 ϕ⋅

1000d99 c99⋅
=
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 9.1.2 Required Discharge Area of Pressure Relief Valve

ASME Section VIII, Division 1 requires that capacity certification be obtained for pressure relief valves
designed for liquid service.  The procedure for obtaining capacity certification includes testing to
determine the rated coefficient of discharge for the liquid relief valves at 10% overpressure 
([4], Section 3.8.1.1, pg. 52).  Valves in liquid service that are designed in accordance with the ASME
BPVC Code, which require a capacity certification may be sized using Equation 3.9 of API 520 Standard
([4], Section 3.8.1.2, pg. 52).

Q q 0.0023 gpm=:= Maximum bounding volume flow rate, Section 9.1.1

Psp 40 ft_hd= Maximum feet of head of sump pump, Section 2.0, CDI-4

Design pressure (psig) of pressure vessel at 180 °F, [9], [10],

and [11]
PDP 400 psi:=

Pall max 0.10 PDP⋅ 3psi, ( ) 40 psi=:= Overpressure allowance (psig), [2], UG-125(c), pg. 89

p1 PDP Pall+ 440.00 psi=:= Upstream relieving pressure (psig), [4], pg. 52

p2 Psp 17.34 psi=:= Back pressure on pressure relief valve (psig), [4], pg. 52

Kd 0.333:= Coefficient of discharge for liquid for pressure relief valve,

Attachment A, pg. A-2

Kw 1.0:= Correction factor due to back pressure, [4], pg. 52

Kc 1.0:= Combination correction factor, [4], pg. 52.  Note:  No rupture disk is

installed upstream of the pressure relief valve.

Kv 1.0:= Correction Factor due to viscosity, no viscosity correction, [4], pg. 52

G 1.0:= Specific gravity of water, [6], pg. 14-4

A
Q

38 Kd⋅ Kw⋅ Kc⋅ Kv⋅

G

p1 p2−
⋅= Required effective discharge area of pressure relief valve without

viscosity correction, [4], eq. (3.9), pg. 52

A 8.93 10
6−

× in
2

=

Ao 0.122 in
2

:= Actual discharge area of pressure relief valve, Attachment A, pg. A-3

Capacity exceed percentage of selected pressure relief valve based on

area
CEarea

Ao

A
1366006.54 %=:=

A pressure relief valve with a minimum discharge area of 8.93x10-6 in2 or larger is required for the thermal
overpressure protection of the TSCR IXC-150 shielded pressure vessels in the TSCR System.  A Leser
Compact Performance Pressure Relief Valve, model number 4373.2602-400 psi_g-V61V70H03H01-3.2,
with 1/2 inch inlet and outlet size connections that has a discharge area of 0.122 square inches with a set
pressure of 400 psig at 180 °F is a recommended pressure relief valve for this application (see
Attachment A).
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 9.1.3 Velocity and Pressure Drop in Discharge Tubing

The Crane Co. Technical Paper No. 410 [8] will be used to determine the velocity and pressure drop
through the discharge piping/tubing of the TSCR IXC-150 shielded pressure vessels.

Tmax 210.2 °F= Maximum bounding temperature expressed in °F, Section 9.1.1

Patm 14.70 psi:= Standard atmospheric pressure, [6], Table 14.1, pg. 14-3

p1 PDP Pall+ 440.00 psi=:= Upstream relieving pressure (psig), Section 9.1.2

P p1 Patm+ 454.70 psi=:= Upstream relieving pressure plus atmospheric pressure (psia)

L 4 m:= Estimated maximum length of discharge tubing, [14], Sheets 34 and 35

g 9.8
m

s
2

:= Gravitational acceleration - Earth, [8], pg. 4-7

OD 0.500 in:= Outside diameter of discharge tubing, [14], Sheets 34 and 35

tw 0.049 in:= Wall thickness of discharge tubing, [14], Sheets 34 and 35

ID OD 2 tw⋅− 0.402 in=:= Inside diameter of discharge tubing

D ID 0.0102 m=:= Inside diameter of discharge tubing expressed in meters, [8], pg. 4-7

A
πD

2

4
8.189 10

5−
× m

2
=:= Cross-sectional area of discharge tubing expressed in m2, [8], pg. 4-7

q 1.466 10
7−

×
m

3

s
= Maximum bounding volume flow rate expressed in m3/s, Section 9.1.1

Viscosity of water at 210.2 °F and 454.70 psia expressed in centipoise,

[8], pg. A-2. Note: Interpolated table values to determine defined

variable value.

μ 0.286 cP:=

ρ99 0.959
gm

cm
3

=
Density of water at 99 °C expressed in grams/cm3, Section 9.1.1

ν
μ

ρ99

29.82 cSt=:= Kinematic viscosity of water expressed in centistokes,

[6], eq. 14.19(a), pg. 14-8

v
q

A
1.790 10

3−
×

m

s
=:= Mean velocity of flow through discharge tubing, [8], pg. 4-7

Re 0.613= Reynolds number, [8], pg. 4-7. Note: Flow is Laminar.

f
64

Re

104.41=:= Friction factor, [8], pg. A-25

hL f
L

D
⋅

v
2

2 g⋅
⋅ 6.687 10

3−
× m=:= Head loss in discharge tubing, [8], pg. 4-7

Re

D v⋅ 10
6

×

ν
=
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Pressure drop in discharge tubing expressed in kg/cm2, [8], pg. 4-7

∆Pkg.cm2 5.450 10
4−

×
kg

cm
2

=

∆Ppsi 14.2233 ∆Pkg.cm2⋅= Pressure drop in discharge tubing expressed in psi, [8], pg. B-11

∆Ppsi 0.0078 psi=

The pressure drop due to the 1/2 inch diameter discharge piping/tubing is minuscule in comparison to the
actual design pressure of the TSCR IXC-150 shielded pressure vessels.  The pressure relief valve will
discharge properly if over pressurized.

 9.2 TSCR Shielded Filters and TSCR Delay Tank Pressure Relief Valve Sizing

The overpressure protection design for the TSCR shielded filters and the TSCR delay tank are similar to
the TSCR IXC-150 shielded pressure vessels.  The TSCR IXC-150 shielded pressure vessel is the
bounding case for the total energy rate for the radioactive decay.  The total energy rate for the TSCR
shielded filters and the TSCR delay tank for the radioactive decay will be significantly lower.  

For these reasons, the analysis to size the TSCR IXC-150 shielded pressure vessels pressure relief valve
will apply to the TSCR shielded filters and the TSCR delay tank.  Thus, the pressure relief valves protecting
the TSCR shielded filters and the TSCR delay tank from thermal over pressurization due to radioactive
decay will be identical to the TSCR IXC-150 shielded pressure vessels.

 10.0  CONCLUSIONS 

The pressure relief valves protecting the TSCR IXC-150 shielded pressure vessels, the TSCR shielded
filters, and the TSCR delay tank from thermal over pressurization due to radioactive decay were sized in
accordance with ASME BPVC, Section VIII, Division 1 [2], API 521 Standard [3], and API 520 Standard [4].

It was determined that a pressure relief valve that could flow more than 0.0023 gallons per minute (see

Section 9.1.1) with a discharge area of 8.93x10-6 square inches (see Section 9.1.2) is required.  The
pressure drop from the discharge piping/tubing is estimated to be 0.0078 psi, which is minuscule in
comparison to the design pressure of the TSCR pressure vessels.

A recommended pressure relief valve that will provide the required thermal overpressure protection for the
TSCR IXC-150 shielded pressure vessels, the TSCR shielded filters, and the TSCR delay tank is a Leser
Compact Performance Pressure Relief Valve, model number 4373.2602-400 psi_g-V61V70H03H01-3.2,
with 1/2 inch inlet and outlet size connections that has a discharge area of 0.122 square inches with a set
pressure of 400 psig at 180 °F.  

∆Pkg.cm2 0.1 0.815⋅ hL⋅=
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 11.0  ATTACHMENTS 

Attachment A - Leser Pressure Relief Valve Literature
Attachment B - Cat Pump Literature
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